The photodissociation dynamics of CH)I and CD31 have been examined by using multiphoton ionization to probe the CH), CD 3 , I( =5 2P3/2) and 1*( =15 2P 1/2 ) photoproducts. The parent compounds were cooled in a supersonic expansion, collimated into a molecular beam, and dissociated at 266 nm. For the CD31 dissociation, the ratio ofCD 3 (v = O)/(v = 2) was estimated to be about 1.1, with mUltiple determinations ranging from 0.47-2.1. The quantum number v here denotes the nascent excitation of the V 2 "umbrella" mode. Measurements of the CD 3 (v = 1) and (v = 3) vibronic bands indicated that the (v = 1) I (v = 3) ratio is greater than unity, with some measurements suggesting values as large as 10. A value for the CH 3 (v = O)/(v = 2) ratio from dissociation ofCH 3 1 could not be estimated, although it was clearly larger than that for CD 3 . The CH 3 (v = 0) and CD 3 (v = 0) products from this dissociation are fit by 120 ± 30 K and 105 ± 30 K rotational distributions, respectively. The dissociation mechanism produces alignment in the molecular frame such that there is a strong preference for K = 0 (rotation perpendicular to the top axis). Assuming that the relative velocity vector lies along the CH 3 C 3 axis, the velocity and rotation vectors tend to be perpendicular. It is likely that K = 0 molecular frame alignment is produced in photodissociation through both the I and 1* channels.
I. INTRODUCTION
The A-band photodissociation of methyl iodide, yielding ground state methyl radicals [CH3 Xe An] and either ground state iodine atoms [(2 P3/2)1 = I] or spin-orbit excited iodine atoms [eP I/2 )1 =1*], has served as an important proving ground for photodissociation theory and experiment. From the earliest experiments by Kasper and Pimentell demonstrating majority production of 1* with the methyl iodide photodissociation laser, to the recent diode laser gain vs absorption experiments of Leone and colleagues 2 and the two-dimensional imaging of state-selected methyl radicals by Chandler and Houston, 3 this photodissociation has been the subject of frequent measurements of 1* quantum yield and CH 3 or CD 3 vibrational populations. 4 -9 The lowest energy electronic excitation of methyl iodide arises from an n ..... 0'* transition in which an iodine nonbondingp electron is promoted to the lowest available antibonding molecular orbital. The resulting excited state molecular orbital (MO) configuration, ... (a l ) 2(e) 3(at) l, (whereat is the q* antibonding orbital, e is a nonbonding orbital, and a l is a bonding orbital situated on the C-I bond) gives rise to two electronic states in the limit of weak spin-orbit coupling: I E and 3 E. Because ofthe strong spin-orbit coupling induced by the iodine atom, however, (fie ,w) 10 coupling gives a better description of the CH31 electronic states. In this coupling five states correspond to the excited MO configuration; they are E, E, AI, A 2 , and E, for fi = 2, 1,0+,0-, and 1, respectively. II In Mulliken's notation,12 these five states are re- ferred to as 3Q2' 3QI' 3QO+' 3Qo_, and IQI' respectively. Only the excited A I eQo+) state correlates to 1* dissociation products; the other excited states correlate to 1. 13 Consequently, a curve crossing must exist between IEeQI) and A I eQo+ ). This complication obscures the origin of the I photoproducts, since they may arise from both adiabatic and nonadiabatic pathways. A number of experimentalists have probed the photofragments following dissociation of methyl iodide in its Aband continuum. Time-of-flight (TOF) experiments 4 -6.8 .14 have shown that almost 90% of the available energy emerges as fragment translation, although significant vibrational excitation in the methyl umbrella mode V 2 has also been observed. Until recently, experiments have given no indication of excitation in other methyl vibrational modes, but Black and Powis l5 have now observed CD 3 VI = 1 from the 1* channel of the 266 nm CD31 dissociation. They employed two-photon resonant, three-photon ionization through the methyl 4p 2A ; +-2p 2A; transition. Infrared fluorescence measurements 9 on methyl radicals from the 248 and 266 nm CH31 dissociations have suggested that the methyl umbrella mode vibrational distribution peaks at v = 2 and extends out to v = 10, where v is used here and subsequently to represent the number of quanta in the V 2 mode. The 248 nm TOF results, obtained by monitoring either the iodine 6 or methyl8 photofragment arrival times, showed that the CH 3 vibrational distribution peaked at v = 2 for both the I and 1* channels, in agreement with the IR fluorescence results for the sum of the two channels. The TOF results for the dissociation of CD31 differed slightly; van Veen et aJ. 8 found that CD 3 from the 1* channel was most abundant in v = 3, while that from the I channel was most likely to be produced in v = 5. At 266 nm, the TOF measurements 5 for CH31 disso-for the 1* and I channels, respectively, although the I distribution was only an approximate one.
Photofragment experiments have also yielded information on the transition dipole orientation and on the time scale of the dissociation. Anisotropies in angular distributions measured at 248 nm, 6.8 266 nm, 16-19 and various other dissociation wavelengths in the 230-275 nm region 14.17.19 have all indicated that the A-band excitation arises primarily from a parallel transition and that the dissociation occurs in ::::: 1 X 10-13 s. Picosecond measurements 20 on the 280 nm dissociation have confirmed the < 1 ps lifetime. The orientation of the transition dipole moment along the C-I bond indicates that the major A-band absorption is A I eQo+) +-IA I' Both the I and 1* channels display similar values for the anisotropy parameter f3 indicating that most ofthe I must arise via the nonadiabatic channel. These conclusions are consistent with the magnetic circular dichroism results of Gedanken and Rowe,21 who resolved the excited state absorption contributions and showed that the A I eQO+) carries about 75% of the overall continuum intensity and 94% of the intensity for the energy region 260-262 nm.
Kinsey and co-workers 22 - 24 have performed elegant resonance Raman experiments to probe dissociating CH31 or CD3!. From the observed V3 (C-I stretch) and V 3 -V 2 (C-I stretch-umbrella mode) combination bands, they concluded that both molecules photodissociate with initial motion in the C-I stretching coordinate and subsequent motion in the umbrella coordinate. Many theoretical studies of this photodissociation have also been performed. Shapiro and Bersohn 25 treated the methyl iodide dissociation as a collinear "pseudotriatomic" fragmentation, modeling the three hydrogen atoms as a single atom of mass 3, located at the H3 center of mass. They expressed the dissociation process in terms of two linear coordinates rC_I and r C -H , ' Originally, Shapiro and Bersohn predicted that the CH 3 vibrational distribution would peak at v = 2 for the 266 nm dissociation and at v = 5 for the 248 nm dissociation. Their prediction for such a high maximum in the vibrational distribution for dissociation at 248 nm was not borne out by the subsequent experiments,6.8·9 and after a minor error was corrected in their theory, 26 the maximum in the vibrational distribution for dissociation at 266 nm shifted even further upward by about one vibrational quantum. Calculations using other techniques 27 -3o with the Shapiro-Bersohn (SB) potentials agreed with the corrected SB predictions. Recently Shapir0 26 has revised the SB theoretical model, allowing for interactions with the EeQl) surface, and thus providing predictions for CH 3 from the I channel of the dissociation. His modified A I (3Qo+) surface greatly improved the agreement between theory and previous experiments for the 1* channel at 248 and 266 nm.
The reported CH 3 and CD 3 (3p 2A ~ +-2p 2A~) multiphoton ionization (MPI) spectra of Hudgens et al. 31 inspired us to apply MPI to obtain directly the rotational and vibrational distributions of the methyl product. Two groups32.33 have previously detected methyl photofragments using different MPI transitions. Rockney and Grane 2 applied three-photon resonant, four-photon ionization through the (0,0) and (1,1 ) bands of the r I Rydberg state of CH 3 generated by the infrared multiphoton dissociation of nitromethane. Welge and co-workers 33 used two-color MPI on the B 2A ; +-X 2 A ;' transition to examine the ground vibrational state CH 3 and CD 3 products from the 266 nm methyl iodide dissociation. Their work, performed in an effusive beam, indicated about 0.5 kcallmol of rotational excitation for the COy Unfortunately, the B 2A ; state of CH 3 was too heavily predissociated to allow them to resolve any rotational structure in its spectrum. Very recently, Powis and Black IS have reported an investigation of the methyl iodide dissociation using the methyl4p 2 A ~ ..... 2p 2A ~ transition as the intermediate in resonant 2 + 1 ionization. A comparison between their results, obtained for dissociation of room-temperature methyl iodide, and ours, obtained for dissociation of rotationally cooled parent molecules, reveals information concerning the influence of parent rotation on the dissociation and is included in Sec. IV.
The electronic transition which we use here for the MPI has permitted resolution of rotational structure for several vibronic bands of both CH 3 and CD 3 , and we have been able to minimize the effect of initial parent rotation on the product distribution by using a supersonic molecular beam source. By employing a "one-dimensional core sampling technique,,19 to be discussed later, we have also examined CH 3 or CD 3 formed selectively in coincidence with the I or 1* channels of the dissociation. The resulting spectra illustrate the large differences in vibrational excitation, as well as the differing amounts of rotational excitation apparent in CH 3 or CD 3 from the two channels.
II. EXPERIMENTAL

A. Components of the apparatus
Our apparatus, similar to that of Dietz et al. 34 and illustrated in Fig. 1 , consists of a supersonic molecular beam source, three differentially pumped chambers, and a homebuilt time-of-flight (TOF) mass spectrometer. The first chamber, pumped by a 6 in. diffusion pump, houses the molecular beam valve 35 and a 1 mm diameter skimmer located 3 cm from the nozzle. A second 1 mm diameter skimmer, located in the second chamber at a distance of 40 cm from the first skimmer, collimates the molecular beam so that when it reaches the laser interaction region in the third chamber, another 40 cm downstream, the molecular beam is under 2 mm in diameter. The mass spectrometer, also housed in the third chamber, has a vertical flight tube jacketed by a liquid nitrogen dewar to enhance the vacuum by cryopumping. The second and third chambers are each pumped by a 4 in. liquid nitrogen trapped diffusion pump. Overall pressures with the molecular beam "on" are approximately 1 X 10-5 , 1 X 10-7 , and 1 X 10-8 Torr in the first, second, and third chambers respectively.
B. Laser sources
A quadrupled Nd:YAG (Quanta-Ray OCR-I) is used as the dissociating (pump) laser, providing 266 nm light, while the frequency-doubled output from a Nd:YAG pumped dye laser system (Quanta-Ray DCR-IA or DCR- 2A, PDL, WEX) serves as the ionizing (probe) laser. In the experimental geometry used for this work, the pump and probe lasers pass through the third chamber nearly counterpropagating with respect to each other, and perpendicular both to the molecular beam and to the vertical axis of the flight tube. The pump beam ( ::::; 3 mJ Ipulse) was used either focused with a 300 mm lens or collimated with a 3.3: 1 telescope, while the probe laser (::::; 1 mJ/pulse) was focused with a 7.5 cm lens mounted inside the chamber on a linear motion feedthrough. This arrangement simplified the laser alignment and allowed for fine control of the probe laser focus.
c. The mass spectrometer
The TOF mass spectrometer is of the two-stage WileyMcLaren 36 design, utilizing an extraction region and an acceleration region. The extraction region consists of a 3.5 in.
diameter stainless steel repeller plate (R) biased at + 2090 V and spaced 2.54 cm away from grid 1 (G 1 ), composed of a 3.5 in. diameter stainless steel ring supporting a 90% transmissive stainless steel mesh, and biased at + 1533 V. Different bias voltages are applied to Rand G 1 when core sampling or ID projection techniques 19 are used to separate equal-mass fragments by recoil velocity and to image angular distributions. (See Sec. II D) The acceleration region, defined by grids 1 and 2, is 1.27 cm in length. Grid 2 (G2) is also composed of the 90% transmissive mesh and is held at ground potential. Upon emerging from the extraction and acceleration regions, the ions travel through the 105 cm long, 2.0 in. inner diameter flight tube and are subsequently detected by a Johnston MM-l particlemultiplier 37 (10 7 gain at 3 keY) with a 1.3 in. diameter active area. Four 1.00 in. tall stainless steel deflector electrodes are positioned just above grid 2. The potential difference between the upstream and downstream electrodes is selected to counteract the center-of-mass velocity of the molecular beam. Side deflectors were installed to compensate for any tilt in the repeller plate and grids that arose from stresses and torques introduced by the contraction of the flight tube when its liquid nitrogen dewar was filled.
D. Pulsed field mass spectrometry (core sampling)
In recent publications, 19,38 we introduced two new techniques for the study of photo dissociation dynamics in a timeof-flight mass spectrometer (TOFMS). One of these techniques, core sampling, has been applied to some of the work reported here.
The principle behind core sampling is simple. We allow the recoil velocities of ions to spread them out in space, deliberately selecting TOFMS operating parameters that (1) deviate from space-focusing conditions and (2) provide long enough flight times to result in collection of only the "core" of the ion distribution. The resulting differences in ion arrival time reflect differences in the ions' initial recoil velocity.
The procedure is as follows: The pump and probe lasers spatially overlap and fire with a delay of ::::;25 ns. With the electric fields in the mass spectrometer "off," the pump laser fires first, photodissociating CD31 or CH31. After the delay, the probe laser fires, ionizing the CD 3 or CH 3 . The ions, as well as the remaining nonionized fragments, are allowed to spread out in space with velocities governed by the recoil imparted to them by the photodissociation. Care is taken to create only a few ions, thus minimizing space-charge effects.
After another delay ('T d = 300 ns relative to the ionizing laser pulse) the mass spectrometer fields are pulsed on using a Velonex Model 350 high voltage pulsed power supply with a measured risetime of about 50 ns (2 kV into 2(00). In this configuration, the repeller plate (R) is held at + 2000 V for as long as the fields are on, while Gland G2 are held at ground. In the lO,us required for the methyl ions to reach the detector, their recoil velocity (3000-5000 m/s) will result in further spreading as they move up the flight tube. By the time they reach the top, the ions will fill a larger volume than that subtended by the detector. Only a core of the recoiling methyl ions will be sampled, composed of those methyl ions created from radicals recoiling primarily upwards or downwards. There will be an arrival time difference between the upward-and downward-recoiling methyl ions, as well as different arrival times for ions created from methyl radicals possessing different translational energies. The methyl ion arrival time distribution (mass peaks) may be recorded to obtain information about the methyl radical translation and the relative amounts of methyl radical from the I and 1* channels, or boxcar gates may be set on methyl ions with a particular recoil velocity to study the internal energies of methyl radicals from the different channels.
E. Signal processing and measurement
A modular home-built pulse generator/delay generator unit controlled the synchronization ofthe pulsed nozzle, lasers, and data acquisition hardware. Our TOFMS was operated in two modes, a mass scan mode and a wavelength scan mode. The mass scan mode was used for discrete wavelength work, where the laser wavelength was fixed and either the full mass spectrum or the ion arrival time distribution for a particular mass was collected with every laser shot. For this mode of operation, the signal from the particle multiplier was amplified by a X 10 preamp,39 digitized and averaged using a digital storage oscilloscope or a transient digitizer,40 and was then transferred to an IBM PC computer. Alternatively, digitization and averaging were accomplished using a waveform recorder 41 and a home-built interface with data transfer to an LSI 11/23 minicomputer. The mass spectra illustrated here were obtained by averaging data from 200-500 shots. In the wavelength scan mode of operation, the amplified particle multiplier signal was averaged in a gated integrator/boxcar averager unit,42 digitized, and transferred to an LSI-l1/23 computer for data storage and analysis. For TOF wavelength scans under traditional conditions, where the desired information is "mass n ion signal vs wavelength," boxcar gates were positioned at the arrival times of the individual masses of interest. For wavelength scan work under core-sampling conditions, (see Sec. II D) the boxcar gates were set on the individual arrival time peaks corresponding to equal-mass ions with different recoil velocities. The dye laser power was monitored during wavelength scans and used to normalize the measured signals.
F. The multiphoton ionization spectroscopy
Methyl radicals 31 and iodine atoms 43 were both probed using multiphoton ionization in a two-photon resonant, three-photon ionization scheme (2 + 1 MPI). Methyl iodide is photodissociated near the center of the extraction region of the mass spectrometer, about 8 mm upstream of the flight tube vertical centerline. The fragments are ionized in one of three positions, depending upon the experiment. For "on-axis" probing, the probe laser is positioned in the molecular beam, slightly downstream of the pump laser. For "off-axis" probing, the probe laser is positioned above the molecular beam to selectively ionize fragments recoiling out of the molecular beam, without creating background ions from the interaction of the probe laser with undissociated parent molecules. The polarization of the pump laser is rotated with a zero-order half-wave plate 44 to maximize the number of fragments recoiling in the probe laser direction. Delays between the pump and probe lasers of several hundred nanoseconds were used. For core sampling, the pump and probe lasers are spatially overlapped, as discussed in Sec. II D.
One-laser experiments were also performed in which the probe laser was used both to dissociate the methyl iodide and to probe the products. These experiments encompassed the 270-345 nm wavelength region, covering two-photon resonant iodine, methyl,43 and methyl iodide 43 transitions. The methyl iodide transitions used were all of the 5p1T'-+6p Rydberg series. The relevant methyl radical resonances are sum- 
G. Expansion characteristics
Methyl iodide, obtained from Fischer Scientific, and d 3 -methyl iodide, from Cambridge Isotopes, were degassed and used without further purification. We expanded 6% CH31 or CD31 in 2.7 bar of He through a 500 J.lm orifice beam valve operated either at room temperature or at 80°C.
It is important to be able to distinguish between the dynamics resulting from the photodissociation of the monomer as opposed to those resulting from cluster dissociation. Previous workers have noted the propensity of methyl iodide to form dimers and clusters.6.50-52 Sapers et al. 51 have recently concluded that 1 2 + MPI signals from valence band excitation arise from methyl iodide dimers, that CH 3 1+ and CH 3 ICH 3 + ion signals arise from larger clusters, and that 1+ ion signals arise from both dimers and larger clusters. Furthermore, they observed no MPI signal upon A -band excitation in molecular beams that contained mainly CH31 monomer. Consequently, we relied upon the presence or absence of pump laser 1+ and It ion signals to diagnose whether or not we had dimers and higher clusters in our molecular beam. We also found our 1 D projection technique to be an excellent cluster diagnostic 19; I and 1* from cluster dissociation channels displayed broader velocity distributions than did I and 1* from the monomer parent. Thus, by using these two beam diagnostics, we were able to study this photodissociation under both clustered and unclustered conditions. As Barry and Gorry6 noted previously, heating the noz- Wavelength (nm) zle alone is not sufficient to eliminate the clusters. We found that they were minimized when an open pulse of < 200 fts duration was used and when the early part of the gas pulse was selected for dissociation and interrogation, even with the beam valve at room temperature. The molecular beam pulse profile and average velocity were probed by a scan delay technique and by a depletion method, respectively.53 For an open pulse 80 fts in duration, the beam profile was found to have a 350 fts FWHM, while the average velocity was found to be 1190 m/s.
III. RESULTS
The methyl radical products from the one-photon Aband dissociation of CH31 or CD31 were probed using 2 + 1 MPI with the goal of obtaining product rotational and vibrational energy distributions. Three types of measurements are reported in this section: (A) probe laser wavelength scans in pump/probe experiments, (B) pulsed field mass spectrometry, and (C) wavelength-scanned pulsed field mass spectrometry.
The background ion signals observed with either pump or probe laser alone in the molecular beam need to be either eliminated or understood in order to study the intended photodissociation process. In the pump/probe spectra, we have eliminated the background by moving the probe laser outside the molecular beam, where only recoiling photoproducts are ionized. In the pulsed field mass spectral measurements, the pump and probe beams must be overlapped in the molecular beam, requiring a more serious investigation of the background ionization processes. Fortunately, information on the kinetic energy and angular distributions contained in the pulsed field mass spectral data has allowed us to identify and minimize the background interferences. In many cases, the background arises only from dimers and higher methyl iodide clusters. Thus, it serves as a cluster diagnostic and also highlights the differences in dynamics between monomers and clusters.
Iodine atoms in either their ground e p 3/2) or spin-orbit excited ep 1 / 2 ) states have also been probed using 2 + 1 MPI, but with the goal of obtaining information about angular and translational energy distributions. The iodine measurements have been presented in previous papers 19.38 and generated from the one-photon dissociation of CH3I at 266 nm, is probed off axis. This spectrum has not been corrected for dye laser power.
are used in this work primarily as a diagnostic for the presence of methyl iodide dimers or higher clusters.
A. Pump/probe results
The pump/probe experiments used a 266 nm pump laser to dissociate CH31 or CD31 and a tunable probe laser to ionize the photoproducts outside the molecular beam. Resulting CH 3 and CD 3 spectra, obtained using the two-photon 3p 2 A 7. <-2p 2 A 7. transition 31 are displayed in Figs. 2 and 3. Several previously unreported hot bands appear in these spectra. Table I summarizes the observed bands. We note that most of the vibrational activity observed in these spectra can be assigned to the out-of-plane bending mode v 2 • Hudgens et al. 31 observed the same preponderance of V 2 bands in their methyl spectra obtained from the pyrolyses of dimethyl sulfoxide and ditertiarybutyl peroxide. Rotational structure is quite evident in a number of these bands, particularly the og, 2:, and 2~ bands; however, individual rotational levels and their spin sublevels were not resolved. Acquisition of higher resolution spectra was prevented by predissociation and a strong intensity-dependent broadening.
Vibrational populations
A serious concern in obtaining vibrational population ratios is that different rates of intermediate state predissocia- Bands such as the 26 are forbidden, and so cannot be compared to bands such as the 2: to obtain the (v = 0) : (v = 1) population ratio.
Franck-Condon factors, listed in Table II , were calculated using one-dimensional wave functions for umbrella mode transitions in CH 3 and CD 3 • Ground state wave functions were obtained numerically55 from the spectroscopically determined potential of Yamada et al. 56 for CH 3 as confirmed for CD 3 by Frye et al. 57 The upper state vibrational wave functions were taken to be simple harmonic oscillator wave functions with a frequency of 1034 cm -1 for CD 3 
vibrational populations yield an average ratio of 1.1, ranging in the extreme from 0.47 to 2.1. We place more faith in the larger-valued ratios: because of problems with dynamic range in this measurement it is easy to 
This expression assumes unresolved spin-rotational interaction and neglects centrifugal stretching terms. For planar symmetric tops, C e = !Be. From the rotational energy expression, one can see that for parallel bands (!l.K = 0) having similar values for the initial and final state rotational constants all K components will fall at nearly the same frequency for each N, resulting in a very strong Q branch and in simple 0, P, R, and S branches for a two-photon transition.
The og bands of CH 3 and CD 3 and the 2~ band of CD 3 are each dominated by a sharp Q branch, consistent with their similar values for B" andB'. Table III provides a summary of CH 3 and CD 3 rotational constants for the 2p, 3p, and 4p 2A ; states.
Another effect also contributes to the dominance of the Q branches in these bands. For two-photon symmetric transitions, such as the 2 A ; +-2 A ; transition used here, the Q branch line strengths in linear polarization are sums of two terms:
where E and F are Chen and Yeung's electronic-vibronic integrals. 59 In the language of the analogous Raman process, these terms correspond to the symmetric scattering tensor and the trace. All non-Q branch intensities depend only upon the symmetric scattering tensor, and thus, are simply proportional to E. Since our methyl work was performed using linear polarization, the F term enhanced the Q branch relative to the other branches. With circular polarization there would be some simplifications in the relative intensities. The trace term would vanish from the Q branch line strength formula and, in addition, all non-Qbranches would have 3/2 the intensity that they would have had with linear polarization. Thus, all branch intensities would be proportional to the E electronic-vibronic integral. Our polarizing optics could not generate sufficiently pure circularly polarized light tunable in this wavelength region to remove the F electronic-vibronic integral dependence on the Q branch intensity.
Rotational structure simulations were completed for the CH 3 and CD 3 3p 2A 7. -2p 2A 7. og band. These simulations, shown in Figs. 4 and 5, were based on the rotational energies ofEq.
(1), the rotational constants of Table III , and the line strength formulas from the literature. 59 Nuclear spin statistics were taken into account, and extra K = 0 population was introduced (see Sec. IV C). Because the Q braqch is "anomalously large" in linear polarization, as explained above, we did not attempt to match its intensity in the simulations. In principle, we could have used a measured intensity ratio at a known temperature for linear:circular polarization to account for the F integral. Hudgens et al. 31 obtained experimentally a linear:circular polarization ratio of 1.8 for the CH 3 origin band, but because their simulations based on that measurement provided Q branches that were a factor of 3 too small, we chose, instead, to select empirically appropriate values for F. Because of spectral line-broadening mechanisms such as predissociation 15,49,60,61 and the ac Stark ef- fect,62 linewidths greater than both the laser linewidth (approximately 0.4 cm -I) and the Doppler width of fast nascent methyl radicals (up to 1 cm -I) were used to fit the data. For the CD 3 spectrum, the Q branch was excessively broadened relative to the other branches, and so a 10 cm -1 linewidth was used for the Q branch, while 5 cm -1 linewidths were used for the 0, P, R, and S branches. The CH 3 spectrum was fit with a 10 cm -I linewidth for all branches. Rotational temperatures of 120 ± 30 K and 105 ± 30 K were fit to the CH 3 and CD 3 og bands, respectively.
B. Pulsed field mass spectrometry results
Kinetic energy measurements on selected internal states of methyl photoproducts have been made, using the core sampling variant of the pulsed field mass spectrometric method described in a preliminary communication. 19 The internal state of the probed fragment is chosen by tuning the wavelength of the resonant ionizing laser, while the fragment velocity is determined from the arrival time distribution of the corresponding ions at the detector. Figure 6 shows CH 3 In the core-sampling experiments, each fragment recoil velocity produces two mass peaks: one from fragments recoiling toward the detector and the other from fragments recoiling away from the detector. For ions produced with low enough kinetic energy, the full three-dimensional velocity distribution is projected onto the detector plane, resulting in a single, central peak. Using Fig. 6(b) as an example, the outer pair of peaks, labeled I in the figure, correspond to the fastest CH 3 radicals produced in coincidence with I, while the inner pair of peaks, labeled 1*, correspond to CH 3 produced in coincidence with 1*. The central peak in Fig. 6(b) , labeled B, corresponds to slow CH/ ions which arise from background processes, discussed below.
The most obvious feature of these arrival time distribu- tions is that the ratio of methyl formed in coincidence with I to methyl formed in coincidence with 1* increases with the number of quanta of umbrella mode excitation in the methyl radical for both CH 3 and CD 3 . To obtain numerical values for the 1/1* ratios at a fixed probe wavelength, the peak areas were corrected for the slight measured differences in {3,19 [{3(I) = 1.7,{30*) = 1.8] and for differences in ioncollection solid angle for methyl fragments arising from the I and 1* channels. We have assumed that any velocity-dependent ionization probability effects arising from v,J correla- Core-sampling spectra of the CH 3 product from the 266 nm dissociation of CH3I. The three panels illustrate the relative differences in the amountsofCH, (v") formed in coincidence with I, with 1*, and from background channels. Peaks corresponding to CH 3 + arrival times for methyl radicals arising from the I, 1*, and background channels are labeled in the middle panel spectrum as I, 1*, and B, respectively. The spectrum displayed in the (a) top panel was obtained by tuning the probe laser to 333.50 Tables IV and V were obtained from measurements on the maxima of the CH 3 and CD 3 bands indicated. Based on multiple determinations, we estimate the uncertainties to be ± 0.05 for CH 3 v = 0 and CD 3 v = 0,1 and ± 0.1 for CH 3 v = 1,2 and CD 3 v = 2,3. We note that for the same number of quanta of umbrella mode excitation, CH 3 shows a larger 1/1* ratio than does CD 3 , as has been previously observed in the 248 nm methyl iodide dissociation. 8 We observed a strong wavelength dependence on the 1/1* ratios within individual vibronic bands which we believe arises from two sources: a variation in ratio with rotationallevel and a variation arising from the effect of overlapping vibronic bands. The task of obtaining 111* ratios for individual vibrational levels is complicated by these wavelength dependencies. However, comparisons on/I* ratios at discrete wavelengths in the CH 3 and stronger CD 3 bands listed in Tables IV and V did show consistently that the smallest 1/1* ratios were obtained at the wavelengths of peak intensity in each vibronic band. Consequently, it was possible to obtain lower limits for vibrational level 1/1* ratios, as are quoted in those tables, by taking measurements at the wavelengths of peak intensity. As the wavelength was changed to probe higher rotational levels, the 1/1* ratio increased, often from 2-4 times. For some of the weaker bands poorer signal levels prevented 1/1* measurements away from the band maxima. The greater chance of overlapping vibronic bands in the region at wavelengths shorter than 326 nm also reduces our confidence in the attribution of these measured 111* ratios to a specific vibrational state. With core sampling, the magnitude of the recoil velocities associated with the I and 1* dissociation channels can be obtained from measurements of the differences in arrival times (Ilt) for the two peaks of each channel. The resolution is sufficient to detect slight differences in Ilt arising from differences in internal excitation of the methyl radical as well as the obvious difference for the I and 1* channels. Under experimental conditions that give about 700 ns Ilt 's, we observe a 10-20 ns decrement in Ilt for each additional quantum of umbrella mode excitation. These Ilt differences provided a helpful confirmation of our band assignments. Improved resolution from longer drift times, smaller solid angle collection and/or faster detection electronics would allow these differences to be used to assign weaker regions of overlapped spectra. Distinctive 1/1* ratios were also of value in identifying weak vibronic bands of ambiguous assignment.
c. Wavelength-scanned pulsed field mass spectrometry results
The pulsed field mass spectrometry results presented in the previous section provide important information on 111* ratios at discrete probe wavelengths. An important extension of that work was to set boxcar gates on individual arrival time peaks to monitor selectively those methyl radicals recoiling at a particular speed. The upper and lower panels of Fig. 7 display the resulting 2 + 1 MPI spectra of CD 3 measured, respectively, in coincidence with 1* and I. This figure clearly demonstrates differences in the relative intensities of vibronic bands between the I and 1* channels, when CD 3 is probed over the 311.5-329.0 nm region. Those intensity differences reflect the differing vibrational populations for methyl produced in coincidence with I and with 1*. Differences are also observed in the rotational profiles of the CD 3 2~ and 2j bands depending upon whether methyl from the I or 1* channel of the dissociation is probed. 19 These data are consistent with the expectation that 1* is produced in coincidence with low rotational levels, while the I is produced in coincidence with higher rotational levels. Thus, wavelength- scanned pulsed field mass spectrometry demonstrates both rotational and vibrational population differences for the I and 1* channels of the 266 nm CD31 dissociation.
D. Background signals
In view of current interest in ionization/dissociation processes in methyl iodide and the potential role of dimers and higher clusters on the photofragment energy distributions,6.50-54 we report here some of our observations, in advance of a more thorough treatment. 65
266 nm background
In agreement with Sapers et 01.,51 we find no detectable ions produced by the 266 nm pump laser under conditions that minimize dimers and higher clusters. With expansion conditions altered to produce dimers and higher clusters, we see 1+ and 1 2 + ions appearing together. The velocity distribution of the I + observed by pulsed field mass spectrometry is distinctly different from that observed with a probe laser tuned to an atomic iodine MPI resonance following 266 nm dissociation of monomeric methyl iodide. We see no evidence for the one-photon neutral dissociation, near-resonant iodine MPI pathway suggested elsewhere. 66
Probe laser background
Under unclustered expansion conditions, significant tions of the 1+, we believe that" 2 + 1" neutral dissociation of methyl iodide,67 followed by one-photon, nonresonant ionization of a highly excited iodine atom, is largely responsible for this I + signal. Methyl iodide ions are observed at all of the two-photon resonances of the 5p1T-+ 6p Rydberg transition listed elsewhere. 43 In a clustered molecular beam sample of methyl iodide, methyl ions are observed at all methyl resonances and all methyl iodide resonances. 1+ ions are produced at the same wavelengths as for unclustered samples, but the velocity distributions observed at the atomic iodine resonances are broader than the characteristically sharp monomer photodissociation distribution. Methyl iodide ions are observed in larger quantities at the same wavelengths as in the unclustered samples. The multiple pathways that can lead to fragment ions from monomers and clusters will be discussed with the aid of measured angular and velocity distributions in an upcoming publication. 65
Background in two-laser measurements
Background ion contamination was removed in the wavelength scanned pump-probe experiments by spatially and temporally displacing the probe beam from the pumped region of the molecular beam.
For the pulsed field mass spectrometry work, probelaser-created CD 3 + was not a problem, since the background ions produced by the probe laser had substantially lower velocities than the ionized methyl radicals produced by the 266 nm photodissociation. Figure 6(a) shows an example where there is virtually no background; Fig. 6 (b) and 6(c) show large background signals which are, nonetheless, fully resolved from the faster fragments of the 266 nm dissociation.
IV. DISCUSSION
A. Experimental biases in off-axis probing
Much of the data presented in Sec. III was taken using the off-axis probing technique described in Sec. II F. While the major advantage of off-axis probing is the ability to monitor the fragment of interest while completely excluding any probe laser induced background, a disadvantage might occur if off-axis probing favors detection of particular dissociation channels due to their different fragment velocities. For example, our off-axis measurements might favor the detection of methyl radicals produced in coincidence with 1* relative to those produced in coincidence with I. It will be shown here that such effects are minor.
Following dissociation, the photofragments spread out in space according to their anisotropic velocities. At any time after dissociation, the neutral methyl fragments in a particular internal level will have one of two possible speeds corresponding to the two electronic channels; they will lie in one oftwo spherical shells of a thickness determined by the diameter of the pump laser spot and the spread in parent speeds in the molecular beam. While the concentric shells for the I and 1* channel methyl radicals can be made to overlap at the probe laser focus by choosing a large pump laser spot diameter, in general it will be difficult to ensure that the two channels are sampled with equal detection efficiency. Some bias is thus inherent in the off-axis probing technique.
Under the conditions of our experiments (0.8 mm pump beam spot size and 3 mm separation between pump and probe beams) the width of the spherical shells corresponds to about 160 ns in time, while the arrival time difference between the two shells is calculated to be about 150 ns. Scans of CD 3 + signal as a function of the time delay between the two lasers were made for the CD 3 og band at 333.8 nm and the CD 3 2~ band at 339.3 nm. Each band showed a broad signal of about 160 ns FWHM; the presence of two different dissociation channels was not obvious. We also compared the appearance of off-axis spectra taken with a collimated pump laser beam to that of conventional spectra taken with a slightly focused beam. Other than in the overall signal levels, we could discern no differences between the spectra. These experiments suggest that any biasing effects due to the different speeds associated with the dissociation channels are small. However, some caution must be used in interpreting these tests, since the 1* quantum yield is close to unity for v" = 0-2 CD 3 • A more subtle biasing mechanism is the anisotropy parameter. If the two channels produce different angular distributions of recoiling fragments, then the spatial discrimination provided by the probe laser ionization can lead to a bias against one channel relative to the other. For the case of the methyl iodide dissociation, however, the anisotropy parameters are similar for the I and 1* channels: 1.7 and 1.8 ± .1,.9 so this type of discrimination should be a minor effect.
B. Rotational energy distributions
Fits to the methyl rotational distributions from our supersonic molecular beam measurements indicate methyl rotational temperatures of 120 ± 30 K for CH 3 v = 0 and 105 ± 30 K for CD 3 v = O. These fits have assumed some extra K = 0 population, to be discussed later in Sec. IV C. Although the temperature of the parent molecules was not measured directly, direct measurements of expansions containing molecules such as NO under similar conditions gave rotational temperatures of a few degrees K. Using E rot = (3/2)kT, we find the average rotational excitation is 125 cm -1 or 109 cm -1 for CH 3 or CD 3 , respectively. Limitations on these measurements due to alignment effects and due to predissociation in the methyl 3p 2A ; Rydberg state have been discussed elsewhere. 38
The only previous study of dissociation of supersonically cooled methyl iodide was reported by Sparks et ai.,5 who used a 300 cm -1 wide rotational distribution in order to fit a vibrational distribution to their time-of-flight data. Our more direct measurements indicate that less energy is disposed into rotation.
A number of workers have studied the rotational distributions resulting from room-temperature photodissociation of methyl iodide. Preliminary results from recent diode-laser absorption vs gain experiments show high rotational excitation,57.68 although the time constant of the detection is large enough for multiple collisions to have occurred. 57 Welge and co-workers 33 used two-color MPI to probe the methyl 3s 2 A ; +-2p 2 A ; transition in an effusive beam. From their fit to the CD 3 rotational profile, they estimated about 0.5 kcal (175 cm -I The question of whether room-temperature dissociation provides a methyl rotational distribution that is warmer or cooler than that of the parent molecules remains. The MPI results present an interesting situation: the room temperature dissociation provides product methyl radicals which are rotationally cooler than the parent molecules, while the supersonic beam dissociation provides produce methyl radicals which are warmer than the parent molecules. A close examination of the source of product rotation is called for. One source might be the initial parent rotation, while a second might be I-C-H 3 bending.
t. Initial parent rotation
We consider first the role of parent rotation. Using a methyl iodide rotational temperature of about 15 K for our supersonic expansion, we calculate that the parent molecules in a cooled beam should have 16 cm -I of rotational energy . We observe 109 or 125 cm -I of rotational energy in the v = 0 fragment for CD 3 and CH 3 , respectively. Conservation of angular momentum in this dissociation may be stated as
where L is the orbital angular momentum of the half-collision, J hv is the unit angular momentum of the photon, and J I is the angular momentum of the iodine atom, which equals 1/2 for 1*. In a collinear dissociation, the impact parameter b would be equal to 0, and since L = J.l (v X b) ,L would also equal 0, so that J CH ., would need to be approximately equal to JCH,I' Is there any way by which a collinear dissociation could result in a higher rotational temperature for the CH 3 than for the CH3I? At first it might seem possible. Since both kT and the product of J(J + 1) times hcB are proportional to the rotational energy (and hence to each other), it is clear that, for a conserved J, the rotational temperature is expected to increase if the rotational constant increases in going from parent to products. Methyl iodide indeed has two rather small rotational constants, those about the two principal axes perpendicular to the C 3 axis [B o (CH 3 1) =C O (CH 3 1) =0.250217 cm-I ],69 whereas the corresponding rotational constants in the CH 3 fragment are rather large [A o (CH 3 ) 
If most of the rotational angular momentum about these two CH31 axes were retained by the CH 3 fragment, the difference in rotational constants between the parent and fragment would result in greatly increased rotational energy.
However, a closer examination shows that only the CH31 rotations about the.~3 axis will be retained by the CH 3 , while the rotations about the other two principal axes of the parent molecule will be converted almost entirely to the orbital angular momentum of the half-collision. The main reason for this high conversion to orbital angular momentum is that the CH31 center of mass is so close to the iodine. By modeling methyl iodide as a linear triatomic molecule with re_1 = 2.139 Aandr e _ H , = 0.3279 A, we calculate that only 0.4% of the parent angular momentum about either nontop axis is retained by the fragment. 53 Thus, we see that if this dissociation can be treated as a linear one, little of the initial parent rotation about the non top axes will be retained as fragment rotation. Instead, essentially all of it will emerge as the orbital angular momentum of the half-collision.
It remains for us to consider the fate of the parent angular momentum about the top axis. The constants for rotation about the C 3 axis of the fragment and the parent [C O (CH 3 ) =4.785 cm-I and Ao(CH31) = 5.119 cm -I ] 69-71 are quite similar; in fact the rotational constant is actually smaller for CH 3 than for CH31. Thus, if the angular momentum about the C 3 axis is conserved, the rotational temperature should actually decrease. We conclude that parent rotations about the top axis cannot account for the observation that the rotational energy of the fragment is larger than that of the parent in the supersonically cooled sample, although they can account for the room-temperature MPI results.
1-C-H3 bending
Rotational excitation could be the consequence either of conversion of the zero-point I-C-H3 bending vibration into rotation or of dissociation through a nonlinear intermediate, particularly in the case of the I channel where a curve crossing is assumed to occur. As discussed in the Introduction, measurements of the anisotropy parameter demonstrate that the primary absorption leading to formation of ground state I is A1eQo+) .... IA 1 , just as for formation of 1*, so that ground state I atoms must arise from a curve crossing to a state of E symmetry. Previous authors 4 . creased. Data supporting prediction ( 1) has been discussed above; for dissociation of rotationally cold parent molecules, we observe that the fragment rotational energy is higher than expected on the basis of a collinear dissociation. Data supporting prediction (2) will be discussed in the next section. There is indeed strong evidence that the methyl fragment is rotating preferentially, though not exclusively, about an axis perpendicular to the C 3 top axis.
We conclude by postulating a possible scenario for the dissociation. Rotationally cold parent molecules dissociate to produce minor rotational excitation of the fragments, in agreement with predictions (1 )- ( 3) above. The rotation imparted to the fragment in this mechanism is due to I-C-H3 bending and should be about an axis perpendicular to the C 3 top axis. For parent molecules which are rotating substantially (e.g., those starting at 300 K), the rotation imparted by the dissociation is completely masked by the rotation carried over by conservation into the fragment from the parent. While parent rotation about the axes perpendicular to the C 3 top axis is mostly converted to orbital angular momentum, rotation about the top axis is converted to fragment rotation, also about the top axis. Because the rotational constant for the fragment about this axis is smaller than that of the parent, and because two parent rotational degrees of freedom have been lost to orbital angular momentum, the fragment rotational temperature is cooler than that of the parent. Fragment rotation following dissociation of rotationally excited CH3I should be aligned along the top axis.
C.Alignment
Fragment alignment has proven to be extremely useful in revealing the mechanism of photodissociation. 63 . 64 For diatomic fragments, alignment information has been extracted from polarization measurements, from correlations between the fragment velocity v and its rotational angular momentum J and from the triple correlation between v, J, and the parent transition dipole, ..... For polyatomic fragments similar information is available in other ways, in particular from K, the projection of the total angular momentum onto the top axis. In the present case, K = 0 indicates that the methyl is rotating about a C 2 axis, while K = ± N indicates that it is rotating about its C 3 axis. For a collinear dissociation, fragment rotation results only from parent rotation about the C 3 axis, as discussed above, so that we would expect K = ± N. For a nonlinear dissociation of a rotationally cold CH3I parent, particularly one induced by an e-type vibration, we expect that the fragment will be rotating about a C 2 axis so that K = O.
Conveniently, the two-photon spectroscopy is quite different for these two limiting cases. For K = ± N alignment in the molecular frame, 0 and P branches are inconsistent with the!::.K = 0 selection rule, so only Q, R, and Sbranches are allowed. In contrast, for K = 0 the selection rule !::.N = 0, ± 2 holds, allowing only 0, Q, and S branches. The alternating intensities make a particularly strong case for a dissociation mechanism which favors K = 0 alignment in the molecular frame. We have found no other dynamical arguments capable of explaining odd-N enhancement in CD 3 and even-N enhancement in CH 3 . Other types of alignment can explain enhancement of individual branches, but not of alternating lines. Only K = 0 nuclearspin statistics result in the enhancement of every other line, instead of every third line. Of course, there is probably a smooth distribution favoring not only K = 0 but also other low-K values. Our method, which does not resolve the individual K components, is not as sensitive to nonzero values of K, so we have not attempted to model the actual distribution of K levels in the fits provided by Figs. 4 and 5. The recent report by Black and Powis 15 of a preference for CD 3 K = ± N levels in the 1* channel of the methyl iodide dissociation at first appears to be at variance with our observations that the dissociation favors low-K values, but in fact the two experiments are complementary. Their effusive beam experiment relied upon resolution of individual K 's to provide direct evidence of alignment. Their experiment is most sensitive to the observation of K = ± N levels; the K = ± N lines are best resolved since the K splittings increase as 2K + 1. As mentioned above, our experiment is most sensitive to K = 0 molecular frame alignment because this alignment is accentuated by the CD 3 and CH 3 spin statistics. Furthermore, while their experiment was performed in an effusive beam with nonnegligible parent rotation, ours was performed in a supersonic jet to minimize contributions from initial parent rotation. For a rotationless parent molecule Eq. (3) suggests that J CH • should be nearly equal to -L, so that the recoil velocity v should be perpendicular to the CH 3 rotation axis. Both the Black and Powis results and ours are consistent with the scenario postulated above in which K = ± N molecular frame alignment arises from initial parent rotation and K = 0 alignment arises from I-C-H3 bending. Once the parent has been cooled enough to reduce the alignment due to initial rotation, the alignment due to I-C-H3 bending is unmasked. The observed rotational excitation and the K = 0 mo-lecular frame alignment have important implications for the 1* channel. The I channel of the dissociation cannot entirely account for the observed rotational excitation of the v = 0 methyl radicals because the measured 111* ratios indicate that little of the v = 0 methyl ion signal arises from methyl formed in coincidence with I. Similarly, the amount of K = 0 alignment observed (particularly at low N) is too large to be accounted for solely by the I channel. It seems that the 1* channel of this dissociation must also contribute to the alignment, either through the zero-point I-C-H3 bending or through bending induced by a nonlinear dissociative surface. The effect ofzero-point I-C-H3 bending can be evaluated using the theory of Morse and Freed.72 When the angular dependence of the upper potential surface is neglected and in the limit of a nonrotating parent molecule, the angular momentum distribution arises solely from the bending vibrational motion of the parent triatomic molecule. When the parent molecule starts in J = 0 and v = 0, the Franck-Condon theory predicts a Boltzmann distribution with an effective rotational temperature of: (4) where B is the rotational constant of the diatomic fragment, k is the Boltzmann constant, and K and 1] are given by: The masses and distances in these equations are defined in Fig. 1 of Morse and Freed; the bond between m 2 and m3 is the one that breaks. 72 The v = 0 and J = 0 conditions needed for the applicability ofEq. (4) are appropriate for our experiment, since the rotational and vibrational degrees of freedom of the CH31 molecules are cooled by the supersonic expansion. We have approximated the CH31 (and CD 3 1) systems as linear with m) = 3 amu (or 6 amu) located at r 12 = .3279 A, r 23 = 2.139 A, and bending frequencies corresponding to 880 cm -1 (or 660 cm -1 ). In the sudden limit, where the C-I bond breaks rapidly compared to the adjustment of the methyl to a planar configuration, the bent CH 3 (CD 3 ) "diatom" is born with a rotational temperature of624 K (471 K). As the methyl adjusts to its planar configuration, conservation of angular momentum dictates that this rotational temperature cools to 92 K (58 K). These values are somewhat lower than the measured values of 120 K for the CH 3 product and 105 K for the CD 3 product, and the predicted ratio Tr (CD 3 )ITr (CH 3 ) = 0.63 is much lower than the observed ratio of 0.875. Assuming this analysis to be correct, we conclude that the rotational distributions in CH 3 and CD 3 are not likely to be caused solely by the zeropoint bending of the CH31 and CD31, respectively; some torque must come from the upper surface.
Yabushita and Morokuma have recently calculated the potential energy surfaces oflow-Iying excited states ofCH 3 1 for both symmetric (C 3v ) and bent (C s ) dissociations. 73 A small but significant bending torque arises for the A' surfaces near the 3E-2A 1 conical intersection. As a result, these authors predict that the I channel should be rotationally excited with the rotation axis perpendicular to the dissociation axis, as observed in the present work. They also predict that the methyl from the 1* channel should be cooler, since the 2A 1 surface following the intersection has a potential function in the linear geometry. Our pulsed field results confirm that the rotational excitation of methyl coincident with 1* is less than that of methyl coincident with I.
While we have described the alignment of methyl radical rotation with respect to its C 3 axis and have tacitly assumed the recoil velocity to be parallel to this axis, we have ignored more complicated effects of the correlation between v and J. We expect from these results that for nonrotating parent molecules v should be perpendicular to J, while for strongly rotating parent molecules v should be parallel to J. Under these conditions, the probe laser polarization will clearly affect the detection efficiency for particular dissociation channels and rotational branches. In light of the evidence for alignment shown in these experiments and in those of Black and Powis, further efforts to determine the contributions ofv-J correlations to the methyl iodide dissociation will certainly be important. It is also interesting to compare our 1/1* ratios to the ones extracted from the time-of-flight data of Sparks et al. cantly smaller 1* yields, the overall quantum yield will probably be smaller than 0.90. The source of the discrepancy between our measurements and those of Sparks et al. lies in an experimental problem encountered by the latter group. Recent as yet unpublished reports from Lee 81 indicate that a reinvestigation of the photodissociation of CH3I has shown that the data of Sparks et al. were contaminated by vibration ally excited CH3I which produced a faster CH 3 (v = 0) than the CH 3 (v = 0) from vibrationally cold CH31. This led to an incorrect bond energy and misassignment of the time-offlight peaks, so that the vibrational level at the maximum of the distribution is, in fact, v" = 0 with comparable but smaller amounts of v" = 1 and 2. The new data also show some VI = 1 population. These data are in much better agreement with those found in our own study.
V. CONCLUSIONS
Our experiments have provided new and unexpected results for the 266 nm methyl iodide dissociation in a supersonic molecular beam. We have found that the CH 3 (v" = 0) and CD 3 (v" = 0) products from this dissociation are fit by 120 ± 30 and 105 ± 30 K rotational distributions, respectively. The dissociation mechanism produces alignment in the molecular frame such that K = 0 is favored. The K = ± N alignment observed in the effusive beam results of Black and Powis 15 is due to the initial CH3I rotation, which masks the alignment resulting from the dissociation mechanism. It is likely that K = 0 molecular frame alignment is produced from photodissociation through both the I and 1* channels.
The ratio of CD 3 These vibrational ratios disagree strongly with the reported measurements of Sparks et ai.,s which suggested CH 3 (v = O)/(v = 2) ratios of about 0.07, but they are in much better agreement with an unpublished reinvestigation by the same group. Our core-sampling measurements, showing nearly equal amounts of! and 1* for CH 3 (v" = 2) and primarily 1* for CH 3 (v" = 0), support our measured vibrational population ratio.
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